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ABSTRACT

Studies were carried out to assess some macroracel élements of mineral composition of the malg an
femaleHeterobranchus bidorsalis adults exposed to graded concentrations (1.00-8L08nof Bonny-light
crude oil (BLCO). The experiment was monitored fordays (toxicity) and 42days (recovery) periods.
Significant decreases (P < 0.05)in the sodium (Ntassium (K), magnesium (Mg), calcium (Ca),
phosphorus (P), zinc (Zn), iron (Fe), vanadium (\@ad (Pb) and manganese (Mn) contents of the khale
bidorsalis corresponded with the increasing concentratiorBL&ZO. In contrast, the female fishes recorded
significant increases (P < 0.05) in the valueshef @bove elements in their tissues as the contienseaof
BLCO increased. Furthermore, the values of Na, i§, Ma, P, Zn, Fe, Va, Pb and Mn recorded in theemal
fishes where generally lower than those of themmdke counterparts and the control fish. Increasddes of
these elements were also recorded during the rec@eariods (days 14, 28 and 42) of this study ie th
magnitudes of 15% at day 14, 20% at day 28 and @08y 42. This implied that the removal of crude o
stress during this period improved the quantityhefse minerals deposited in the fish tissues. Tigleekt
percent proportion of Zn and the lowest proportaérPb recorded in both male and femblebidorsalis
adults agreed with the report of other workersolter fish species.
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INTRODUCTION

The giant African catfishHeterobranchus species is one of the easiest and the commorséstdised in
ponds with a remarkable fast growth. Its abilityabept to crowded pond conditions, accept artififgdad
and possess high quality flesh have enabled iato yemendous popularity (Reedal., 1967; Bardet al .,

1976; Olatunde, 1983).

The use of fish and invertebrates as bio-indicatbr&ater quality has been advocated by severakever
because they produce evidence of relatively stableentrations compared to water quality analykat t
only indicate short term conditions (Ogbeibu andtdfi, 1989; Yamazalét al., 1996). Various methods of
collecting and integrating data from many sped#ists to arrive at a general assessment of th@oiséd by
chemical pollutions to the aquatic environment hiagen developed (Cairns and Dickson, 1978; Calaghan
al., 1979; Oronsaye and Obano, 1998). These protdaolsazard evaluation provide working models for
extrapolation of single species data to ecosysteigtions.

Oil spills constitute one of the most important i@s$ of environment problems in Nigerian petroleum
industry. The degree of exposure of aquatic orgasifo oil is often assessed by measuring their body
burden of petroleum-related aromatic compounds J(Afgcause ACis potentially harmful to animals
(NRC, 1985). Fish and marine animals extensivelyathaize most AGin their livers and predominantly
excrete them in to bile (Vanarasial., 1989).

Minerals perform a wide variety of structural, bdiemical and physiological functions in fish (De&iland
Anderson, 1995). Six (6) major elements (Fe, Zn, Ninl, Mb and Co) have been identified as esséfr
animal life (Underwood, 1977). Although most of dheelements might be required by fish, only 6 djeta
minerals have been shown to be required or utillaedalmonids (DeSilva and Anderson, 1995). Mast fi
species derive their minerals from food or watewkich they live. Sea fish therefore contain moteerals
than freshwater fish (Laglat al., 1977). The higher mineral content (calcium) in #éenOsteichthyes than
in males especially during the breeding seasornbkas suggested to be due to increase in proteindbou
calcium during the breeding period (Urist and Sathge1961).

Detailed proximate analyses are needed to deterthieffects of infiltration of crude oil compounitgo
the tissues of different sexes and age grougsetdrobranchus bidorsalis, since this fish commands high
market value in Nigeria. Much of the work on théeef of petroleum hydrocarbons on aquatic organisms
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have been restricted to studies and testing ofestmmpounds (Anderson, 1971) probably due todliffies

in testing complex mixture of compounds associatétth crude oil and petroleum fractions. With the
incessant oil spills in Nigeria, and the varyingdkof petroleum hydrocarbons recorded in the bodyans
of fishes, frogs and snails (Akingbade, 1991),sitimperative that analysis of the quality of fidash
exposed to different concentrations of crude oitaeied out. This study therefore presents theltesf the
exposure of male and female adultdHeferobranchus bidorsalis to different concentrations of Bonny- light
crude oil and its effects on the mineral compositi the fish.

Tablel. Gross and Proximate Compositions of the Baetto Male and Femaldeterobranchus bidorsalis Adults
Stocked in Crude Oil Polluted Water

Feed Ingredients % Composition
Yellow maize 9.29
Soyabean meal 54.84
Fish meal 16.65
Blood meal 10.97
Palm oil 5.00
Salt 0.25
Vitamin mixt 0.60
Mineral mix2 2.40
Total 100.00
Nutrients
Crude protein 37.58
Ether extract 5.18
Ash 10.48
Dry matter 11.48
Nitrogen-free-extract 36.46
Total 100.00

vitamin mix provided the following constituentsiuded in cellulose (mg/Kg of diet): thiamin, 10paflavin, 20;
pyridoxine, 10; folacin, 5; pantothenic acid, 4@otine chloride, 3000; niacin, 150; menadione-Nsulphate, 80;
inositol, 400; biotin, 2; vitamin C, 200; alphatobt@pol, 200; cholecalciferol, 1000,000 IU/g.

2Contained as g/Kg of premix: FeS?H,O, 5; MgSQ.7H,0, 132; KSQ,, 329.90; KI, 0.15; NaCl, 45; N&QO,, 88;
AlCl;, 0.15; CoCJ.6H,0, 0.05; CuSQ5H,0, 0.05; NaSe¢) 0.11; MnSQ.H,0, 0.70; and cellulose, 380.97

MATERIALS AND METHODS

Six hundred (600) fish specimens of two sexes$ieterobranchus bidorsalis (Geoffroy St. Hilaire,1809)
adults {mean weight + standard error (SEM), 141#28.16} comprising 300 males and 300 females were
randomly stocked in 30 aerated- fitted glass aquéBb x 30 x 30cr) at 20 fish per aquarium. The
experiment was designed to have two sets of aqumraa 4 x 3 arrangement (Completely Randomized
Design) to constitute 24 aquaria inundated withn28of dechlorinated tap water and contaminated with
5ml each of Bonny-light crude oil (BLCO) at 1.000@, 4.00 and 8.00ml tconcentrations. Six aquaria
were not contaminated with BLCO and were left asdbntrols. Mosquito-mesh nets were used to cdweer t
aguaria to prevent fish escape.

Two experimental periods were adopted for the stiithg toxicity period lasted for 4 days (96h) wtite
recovery period which lasted for 42days were moadoat fortnightly (14days) intervals. Fish wersoal
monitored daily during each study period for matyabnd survival records. At the end of the toxicit
period, the surviving fish and glass aquaria weashved and replenished with dechlorinated tap water.
38% crude protein diet (Table 1) was fed to fist8%t body weight per day (bw3i during the toxicity
period (4 days) and at 5% bwh.during the recovery period (42days). Fish were tweiyfortnightly during
the recovery period with the aid of a top-loadimgctonic Mettler balance (Model 600 PT) and thet do
be subsequently administered adjusted in accordaitbebody weight of fish. The infiltration systeof
aquaria helped in elimination of faeces and othsidues.

The mineral compositions of fish were determinediay 4, 14, 28 and 42 of the study period using the
method described by Windham (1996); while that le tliet was determined at the beginning of the
experiment. The flame photometric method was useatktermine the value of sodium (Na) and potassium
(K) while ethylene-diamine-tetra-acetic acid (EDT#yations were used for those of calcium (Ca) and
magnesium (Mg). Complexometric titration method wasd for zinc (Zn). For all other minerals testéd,
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spectrophotometric method of assessment was entplndham, 1996) and these were all compared
with calibrated series. All the data obtained waralyzed using descriptive statistics and analgéis
variance (ANOVA) to indicate statistical signifiaan (P < 0.05) (Steel and Torrie, 1990). The Dursan’
(1955) Multiple Range Test method was employedatition the differences.

RESULTS

The macro-element components of the mineral cortiposof male and femalkleterobranchus bidorsalis
adults exposed to 1.00-8.00 thtoncentrations of Bonny-light crude oil (BLCO) afeown in Table 2. The
male fish exposed to oil pollutant recorded siguaifitly (P< 0.05) lower values of sodium (Na), psias
(K), magnesium (Mg), calcium (Ca) and phosphorustfRn the control fish (Table 2). Conversely, the
control fish recorded significantly (P < 0.05) lawealues of Na, K, Mg, Ca and P than those of drmadle
fish exposed to the crude oil concentrations. Titgad in values of the minerals of the fish relatte the
control was shown both as the toxicity (4days) tedrecovery (42days) periods of the study.

Whereas the values of Na, K, Mg, Ca and P in mah flecreased significantly with increasing
concentrations of BLCO (1.00-8.00mt)_(Table 2), those of the male fish increased Sicanitly (P < 0.05).
Additionally, the recorded values of Na, K, Mg, @ad P in maleH.bidorsalis were lower than those of
their female counterparts in both experimental quisi Increases in values of the minerals, irrespecf

the BLCO concentration to which the fish were exgahsvere noticed at days 14, 28 and 42 of the study
period (Table 2). These increases were estimatdteimagnitudes of 15% at day 14, 20% at days @81an
respectively.

Table 3 shows the trace element compositions ofetstefish. As indicated for the macro- elemerits, hale

H. bidorsalis adults exposed to the different concentrationsilopalutant showed significantly (P < 0.05)
lower values of zinc (Zn), iron (Fe), vanadium (V#&ad (Pb) and manganese (Mn) than their female
counterparts (Table 3), as well as the control. fige values of the trace elements in the female \iiere
nonetheless significantly high (P < 0.05) than ¢hosthe control fish both during the toxicity aretovery
periods (Table 3).

Similarly, whereas the values of Zn, Fe, Va, Pb Eimdin the male fish decreased significantly (P.85)
with the increasing concentration of oil exposufahe fish (Table 3), those of their female coupgets
increased significantly (P < 0.05) as the concéioita of BLCO to which the fishes were exposed
increased. The magnitude of increases in the glraent content of both the male and fenkhlbidorsalis
during the recovery period were at the rates of B5%ay 14, 20% at day 28 and 20% at day 42. Egdbgt
the values of the macro-elements of fish both atttixicity and the recovery periods of the studgi{iE 2)
were higher than those of trace—elements (TablexX)ept for those of Zn which gave outrageously and
comparatively higher values.

DISCUSSION

The need to make an assessment of the level of/lreatal contamination in African aquatic environmen
has been stated by Calamari and Naeve (1994). Goesgy, several pollution monitoring programmes
which include the Mediterranean Pollution MonitgriRrogramme (MEDPOL) covering North, West and
Central African Marine Pollution and Research Pangme (WACAF3) and the Eastern African Marine
Pollution and Research Programme (EAF/6) were kstatnl. These authors noted that for effectivater
pollution control and management, there is need diear understanding of the principles of metal
contamination.

The monovalent cations: sodium (Naand potassium (K are primarily involved in ion transport and
exchange in fish. An absolute requirement of Nabeen demonstrated only in a few plants. Wetzel §)19
stated that Na requirements are particularly highdme species of blue green algae and argued thadl
other elements cannot be substituted for Na. Tmeemtration of divalent metal ions: magnesium {fjlg
iron (F€") and zinc (ZA") measures the total hardness of water bodies. tRettotal hardness and alkalinity
of water are measured in mg Cadllide, since calcium carbonate usually dominatesf€yin, 1994).Since
most fish species derive their minerals from food ¢he ambient water environment in which they biha
(Laglaret al., 1977), the tendency for the crude oil pollutiorour study to affect the mineral intake by the
fish from the administered feed (Table 1) and ftbmBLCO contaminated water (1.00-8.00lis high.

The inhibition in deposition of macro- elements (da Mg, Ca and P) (Table 2) in the maddebidorsalis
fed with 38% CP diet in an environment replete waithpollution was observed to be BLCO concentratio
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dependent. The deposition of these elements wagewes, enhanced in the female fishes as the BLCO
concentrations increased from1.00 to 8.00mIChis implies that the femald.bidorsalis adults were not
amenable to incorporate these minerals in theiyltisdues than their male counterparts. This stbidfairs
was obvious during the 4 days toxicity and 42 dagevery period. The improvement in the valueshete
elements during the recovery period (Table 2), iespthat the removal of the crude oil stress duthig
period improvedthe quality of these minerals depdsiin the fish. This improvement was also more
pronounced in the female than in the male fish.

Similarly, the enhancement in the deposition ofdralements (Zn, Fe, Va, Pb and Mn) in the ferkhle
bidorsalis as the BLCO concentrations increased (Table 3jrasted with the reduction in the values of
these elements in the males. This situation algadiés that more of these elements were depositébein
females than in the males.

Generally, the results obtained from the analysisnacro and trace elements in this study apparently
showed the degree of readiness of fish specimedaremude oil stress to maintain life. It has beelicated
that minerals perform a wild variety of structurbipchemical and physiological functions in animéle
Silva and Anderson, 1995). Computing the main \&laéthe trace elements in Tables 2 and 3, it was
evident for example that zinc (Zn) constituted kiighest percent proportion in the female fish dgrine
toxicity (0.72 £ 0.04%) and 14 days into the reagu@®.81 + 0.05%) periods. Lead (Pb) was recordéd w
the least values in the same females during theitpX0.03 = 0.01%) and within 14 days recoveryo@®+
0.01%) periods. Amongst the macro-elements, thedsigpercent proportions in the females were coeaput
as follows: P = 0.03 + 0.04% (4 days toxicity pdjiand P = 0.42 + 0.05% (14 days into the recovery
period). The lowest percent proportion of the maslements also indicated that Na = 0.01 + 0.03% (14
days toxicity period) and Na = 0.14 + 0.02% (14glayjo the recovery period). In line with the trandhe
values of macro and trace elements already indic#te male fish specimens of this study exhibiteder
mean percent values of these elements than thealéecounterparts. Our present results are consisith

the report of Otuogbai and Epko (2006) who recordigthest percent proportions of zinc (0.45 + 0.01%)
and lowest percent proportions of lead (0.01 + @P0n the lungfishProtopterus annectens under
aestivation.
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Bonny-
crude

Table 2. Macro-Elements of the Mineral Composii{@s) of Heterobranchus bidorsalis Adults Exposed to Graded concentrations of BogltlCrude Oil for 4 Days (Toxicity) and 42 Days Beery) Period

Study Duration
Period (Days)

BLCO Concentration ml £

[

Control 0.00 ml !

»

1.00 2.00 4.00 8.00
Nutrient M7 P M F M F M F M F
Toxicity N& 0.09 0.10 0.06 0.11 0.05 0.12 0.04 0.13 0.03 0.14
Period +0.03 +0.08 +0.0P +0.08 +0.02° +0.0 +0.0F° +0.08>° +0.0¢ +0.08>°
K® 0.13 0.14 0.13 0.15 0.11 0.16 0.01 0.17 0.06 0.18
4 +0.0F +0.02 +0.02 +0.03 +0.04 +0.02° +0.00 +0.03" +0.0F +0.02°
Mg4 0.09 0.10 0.08 0.11 0.06 0.12 0.04 0.13 0.02 0.14
+0.03 +0.02 +0.03 +0.02 +0.03 +0.02° +0.02° +0.01* + 0.0 + 0.0
ca 0.23 0.24 0.22 0.25 0.21 0.27 0.20 0.28 0.16 0.30
+0.04 +0.03 +0.03 +0.03 +0.08 +0.01 +0.04° +0.04° +0.04 +0.05'
P 0.31 0.33 0.29 0.34 0.28 0.36 0.25 0.38 0.21 0.40
+0.03 +0.04 +0.04 +0.04 +0.06" +0.06" +0.04° +0.04° +0.03% +0.04
Na 0.10 0.12 0.07 0.13 0.06 0.14 0.05 0.14 0.04 0.15
+0.08 +0.08 +0.02 +0.0C +0.02 +0.0C +0.02 +0.00 +0.02 +0.00
K 0.15 0.16 0.15 0.17 0.13 0.18 0.02 0.20 0.07 0.21
14 +0.02 +0.08 +0.0P +0.08 +0.08 +0.08 +0.0P +0.03 +0.03 +0.0C
Recovery Mg 0.10 0.12 0.09 0.13 0.07 0.14 0.05 0.15 0.02 0.16
Period +0.0F +0.0P +0.03 +0.0P +0.03° +0.01ab +0.02° +0.03° + 0.0 + 0.0
Ca 0.26 0.28 0.25 0.29 0.24 0.31 0.23 0.32 0.18 0.35
+0.08 +0.02 +0.04 +0.08 +0.03 +0.08° +0.03° +0.03° +0.0C +0.02
P 0.36 0.38 0.33 0.39 0.32 0.41 0.29 0.44 0.24 0.46
+0.02 +0.02 +0.04 +0.02° +0.03° +0.03° +0.03 +0.02 +0.00 +0.02
Na 0.12 0.15 0.08 0.15 0.07 0.17 0.06 0.15 0.05 0.16
+0.0P +0.0P +0.03° +0.0P +0.03 +0.03 +0.02 +0.0P +0.03 +0.0P
K 0.18 0.19 0.18 0.21 0.17 0.22 0.03 0.24 0.08 0.25
28 +0.08 +0.08 +0.0P +0.08 +0.08 +0.08 +0.03 +0.03 +0.03° +0.03
Mg 0.12 0.14 0.11 0.16 0.08 0.17 0.06 0.18 0.03 0.19
+0.08 +0.08 +0.0P +0.08 +0.03 +0.0 +0.02 +0.0 +0.01° +0.0P>°
Ca 0.32 0.34 0.30 0.35 0.29 0.37 0.28 0.38 0.22 0.42
+0.02 +0.02 +0.0F +0.02 +0.04° +0.02° +0.04° +0.02% +0.02 +0.02
P 0.43 0.46 0.40 0.47 0.36 0.49 0.35 0.53 0.29 0.60
+0.02 +0.02 +0.02 +0.03° +0.0Z +0.03° +0.03 +0.03 +0.0Z +0.03
42 Na 0.14 0.17 0.10 t 0.18 t 0.08 . 0.20 ) 0.07 i 0.16 t 0.06 i 0.17 )
K 0.22 0.23 0.22 0.24 0.20 0.26 0.04 0.28 0.10 0.30
+0.03 +0.03 +0.0F +0.0P +0.0P +0.03 +0.02 +0.0F +0.01" +0.0Z
Mg 0.14 0.18 0.13 019 0.10 020 007 022 004 023
Ca 0.38 0.36 0.36 0.42 0.35 0.44 0.34 0.46 0.26 0.51
+0.03 +0.03 +0.03 +0.04 +0.02 +0.03 +0.02 +0.02 +0.0C +0.03
P 0.52 0.55 0.48 0.56 0.43 0.59 0.45 0.64 0.35 0.72
+0.03 +0.04 +0.09 +0.04 +0.03 +0.03° +0.02 +0.03' +0.0° +0.03

light
ail,

25odium, ®Potassium, “Magnesium, °Calcium, ®Phosphorus, ‘Male. 8Female, Values in the same row followed by the same superscripts are not significantly different (P > 0.05). Valuesin the same row followed by Different superscripts are
significantly different (P < 0.05).
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Table 3. Trace Elements of the Mineral compositié) of Heterobranchus bidorsalis Adults Exposed to B\Graded concentration of Boligiyt Crude Oil for 4 Days (Toxicity) and 42 DayRdcovery) Periods

Study Duration
period (Days) Nutrient  Control BLCO Concentration mlt
0.00 @l Lt >
1.00 2.00 4.00 8.00
YK P M F M F M F M F
Toxicity Zn? 0.63 0.66 0.51 0.69 0.04 0.72 0.03 0.76 0.02 0.80
Period +0.02 +0.03 +0.0? +0.04 +0.0° +0.04 +0.0F° +0.03 +0.0F +0.04*°
4 Fe 0.03 0.04 0.02 0.05 0.01 0.06 0.01 0.08 0.01 0.08
+0.0P +0.0P +0.0° +0.02 +0.00° +0.02 +0.00% 0.02° +0.0F +0.0F°
va* 0.05 0.06 0.04 0.07 0.03 0.08 0.02 0.08 0.01 0.09
+0.0F +0.02 +0.00 +0.02 +0.0F +0.02*  +0.0F +0.02°  +0.00 +0.02°
PE’ 0.01 0.02 0.01 0.02 0.01 0.03 0.01 0.03 0.16 0.30
+0.00} +0.0P +0.00 +0.0F +0.00 +0.0° +0.00% +0.0  +0.04 +0.058'
Mn® 0.05 0.06 0.03 0.06 0.02 0.07 0.01 0.07 0.01 0.08
+0.0P +0.02 +0.0F +0.02 +0.0F +0.02°  +0.00 +0.0®° +0.00 +0.0F°
Zn 0.64 0.65 0.59 0.79 0.83 0.03 0.87 0.03 0.87 0.03
+0.02 +0.03 +0.02 +0.03' +0.04 +0.01° +0.0£ +0.01" +0.04 +0.04
Fe 0.03 0.03 0.02 0.06 0.01 0.07 0.01 0.09 0.02 0.09
Recovery 14 +0.08 +0.08 +0.0P +0.02 +0.00 +0.02*  +0.00 £0.02° +0.0F +0.0F°
Period Va 0.06 0.05 0.05 0.08 0.03 0.09 0.02 0.09 0.02 0.10
+0.0P +0.0P +0.02 +0.02° +0.0F +0.02°  +0.0F +0.03® +0.0F +0.02°
Pb 0.01 0.01 0.01 0.02 0.01 0.04 0.01 0.02 0.02 0.05
+0.00° +0.00° +0.00 +0.0° +0.00 +0.0° +0.00° +0.02 +0.0F +0.02
Mn 0.06 0.05 0.04 0.07 0.02 0.08 0.01 0.08 0.02 0.09
+0.0F +0.0F +0.0F +0.02° +0.00° +0.02°  +0.00 £0.02* +o0.0¢ +0.03°
Zn 0.62 0.64 0.71 0.95 0.06 0.99 0.04 0.04 0.04 0.10
+0.03 +0.04 +0.04 +0.04 +0.02 +0.0€ +0.01° +0.08 +0.0° +0.0¢
28 Fe 0.02 0.02 0.03 0.07 0.01 0.08 0.02 0.11 0.03 0.11
+0.0P +0.0P +0.0F +0.02° +0.00° +0.02°  +0.0P +0.04° +0.0F +0.08°
Va 0.05 0.06 0.06 0.10 0.04 0.11 0.03 0.11 0.03 0.12
+0.0P +0.02 +0.02 +0.00° +0.0F +0.04°  +0.0P +0.04° +0.0F +0.0F°
Pb 0.02 0.02 0.01 0.03 0.02 0.05 0.02 0.05 0.03 0.06
+0.0F +0.0F +0.00° +0.0F +0.0F +0.02 +0.0F +0.02 +0.01° +0.0F
Mn 0.04 0.05 0.05 0.08 0.03 0.10 0.02 0.09 0.03 0.11
+0.0P +0.02 +0.0F +0.02 +0.0F +0.04°  +0.0F +0.02° +0.0F +0.02°
Fe 0.03 0.05 0.04 0.08 0.02 0.09 0.03 0.13 0.04 0.13
+0.0F +0.02 +0.0F +0.02° +0.0F +0.02*  +0.0F £0.02° +0.0F +0.0F°
42 Pb 0.01 0.02 0.02 0.04 0.03 0.06 0.03 0.06 0.04 0.07
+0.00 +0.0F +0.0F +0.0F +0.0F +0.0F +0.0F +0.0F +0.0F +0.0F°
Mn 0.04 0.05 0.06 0.09 0.04 0.12 0.03 0.11 0.04 0.08
+0.0F +0.0F +0.0% +0.02 +0.0F +0.0*  +0.0P +0.01  +0.0F +0.0%

Bonny-lihgt crude ail, 2Zinc, 3lron, *Vanadium, ®Lead, "Mangenese, "Female, values in the same row followed by the same superscripts are not significantly different (P > 0.05). Values in the same row followed by different superscripts

differ significantly (P < 0.05).



